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FINAL REPORT NOTICE
This report was prepared as an account of work sponsored by the Government of the Fed-
eral Republic of Germany within the Joint Programme on the Technical Development and
Further Improvement of IAEA Safeguards between the Federal Republic of Germany and
the IAEA. Neither the authors of this report, nor the organization or industrial company they
are affiliated with, nor the Federal Government assume any liability whatsoever for any use
of this report or parts of it. Furthermore the content of this report does not reflect any policy
of the Federal Government.
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1. Introduction
The results of the isotopic analysis of high enriched uranium (HEU) in
BISO-particles are routinely about 0.2 % low in the U-235 concentration
compared to the nominal abundance of the uranium feed material. This is
expected to be caused by natural uranium present in the thorium feed
material and it was felt that the International Atomic Energy Agency
needs to confirm the accuracy of its verification measurements on such
fuels.
With the support of the Joint Programme on the Technical Development and
Further Improvement of IAEA Safeguards between the Government of the
Federal Republic of Germany and the International Atomic Energy Agency an
interlaboratory experiment was performed to test the precision and
accuracy of the isotopic analysis of HEU in pyro-carbon coated
(Th,U) 0 - particles (so called BISO - particles). This experiment
was a follow-up to an international comparison of the chemical assay of
1. 2/
uranium and thorium in THTR-fuel for safeguards p u r p o s e s — .
The exercise was organized under the auspices of the Institut für
Chemische Technologie der Nuklearen Entsorgung of the
Kernforschungsanlage Jülich GmbH (KFA-ICT). The objectives and the
outline of the experiment were established in a preparatory meeting held
in Jülich in September 1982.
The fuel fabrication plant NUKEH in Hanau provided BISO-type particles,
containing high enriched uranium, for the experiment and arranged for the
distribution of the samples. The sample preparation was performed at
NUKEM with the assistance of an IAEA staff member.
The samples were analyzed by mass-spectrometry in the following
laboratories:
Bundesanstalt für Materialprüfung (BAM), Berlin.
Institut für Chemische Technologie der Nuklearen Entsorgung of KFA,
Jülich.
Institut für Radiochemie of Kernforschungszentrum, Karlsruhe
NUKEM GmbH, Hanau
Safeguards Analytical Laboratory of the IAEA, Seibersdorf.
The IAEA prepared a statistical evaluation of the analytical results.
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The objective of the project was to explain observed differences and to
define the state of the art of the U-235 isotope concentration
determination in U-Th fuels and to estimate the magnitude of the error
components in such analyses.
2. Description of the Experiment
2.1 General
In the design of the experiment it was considered that a potential
source for biases in the measurement results could be a
contamination with natural uranium. This contamination could
originate from natural uranium contained in production thorium feed
material or from the chemicals used in the sample preparation for
mass spectrometry.
It was therefore decided to prepare three types of samples for the
experiment:
Type I: Samples prepared from BISO-particles, representative of
normal production.
Type II: Synthetic mixture prepared from SRM NBS-U-930 and from a
Th(NO) -solution, containing 200 ppm natural uranium.
Type III: Synthetic mixture prepared from SRM NBS-U-930 and from a'
Th(NO) -solution, containing a low concentration of
natural uranium (analyzed as < 5 ppm by fluorimetry at
NUKEH).
The sample preparation scheme, as described below, was aimed at
producing synthetic mixtures (sample Types II and III) that are
comparable in the heavy element contents and solution compositions
to the Type I samples.
2.2 Starting materials
2.2.1: 8.7 g BISO-particles (-42.8 % Th, -4.3 % U)
2.2.2: 0.61 g NBS-U-930 (in the form of Uo0o)
3 o
2.2.3: 12.1 g Th(NO ) 4H 0 (high ' purity quality;
additionally purified by two subsequent oxalate
precipitations). The U-concentration was determined by
fluorimetry as < 5 ppm.
2.2.4: Solution of a natural uranyl nitrate (0.5 mg U/ml).
2.2.5: THOREX-reagent (3,4,5) for the dissolutions (mixture of
13 M HNO /O.I M AKNO ) /0.04 M NaF) .
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2.3 Sample preparation
2.3.1 Sample TYPE I
8.7251 g BISO-particles were ignited in air to burn-off the
pyrocarbon-coating and dissolved in 22 ml THOREX-reagent.
After complete dissolution the volume was adjusted to 50 ml
with demineralized H O and subsamples of 7 ml taken for
each of the 5 laboratories (about 535 mg Th and 53 mg U per
sample).
2.3.2 Sample TYPE III
0.61 mg of NBS-U-930 were dissolved in 10 ml THOREX-reagent,
mixed with a solution obtained from dissolving 12.07 g
Th(N03>4.4 H2O in 20 ml THOREX-reagent and finally
diluted to 100 ml with demineralized H O .
For each laboratory a 10 ml aliquot was taken from this
solution (about 500 mg Th and 52 mg U per sample).
2.3.3 Sample TYPE II
To the remaining 50 ml of the TYPE Ill-mixture 1 ml of
U-solution, containing 0.5 mg natural uranium, was added.
Aliquots of 10 ml were taken for each of the 5 laboratories.
2.4 Reference values for the synthetic mixtures
2-4.1 Sample TYPE III
As the Th-niträte used for this experiment was especially
purified and its U-content verified as 5 ppra, the reference
values given in the NBS-certificate can be applied:
1.0759 + 0.0020 wt% U-234
93.276 + 0.010 wt% U-235
0.2034 + 0.0006 wt% U-236
5.445 + 0.005 wt% U-238
(1 ppm of natural uranium in the Th-ni träte used would lower
the reference value by 0.0022 wt. % U-235 to 93.274).
2.4.2 Sample TYPE II
To 50 ml of the TYPE-III-solution 0.5 mg of natural uranium
were added. The reference value for sample TYPE-II is
calculated as:
93.097 wt% U-235
2.5 Measurement scheme
Each laboratory received a set of three samples and was asked to
follow for each sample type the scheme shown in Figure 1:
Each, sample was divided into two parts for independent
separations.
- Per separated fraction 2 mass-spectrometric measurements were
performed and reported on that form.
The separation procedures of the individual laboratories are
compiled in Annex 1.
3. Results and Evaluation
3.1 Results
The individual U-235 concentration results reported by the 5
laboratories for the 3 sample types are summarized in Table 1 in
coded format. The individual results for the minor isotopes U-234
and U-236 are given in Annex 2.
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FIGURE 1
ANALYTICAL SCHEME AND REPORT FORM
LABORATQKY_I
SAMPLE TYPE
I : BISO-Part. SoLtn.
I I : Synth. Mixture
I I I : Synth, Mixture
ID,
wt%
U-234
U-235
Ü-236
U-238
. .1.1 . .1.2 . .2.1 . .2.2
'Sample information: Volume ? ml (Type I ) , 10 ml (Type II and III).
Medium THOREX-reagent
Thorium....~500 mg total
Uranium....«'SO mg total
U-235 ~93 wt.Z
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T a b l e 1
Individual Analytical Results
U-235 Concentration (wt%)
Sample
 M \ . .
_ . Measurement
Type
Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. S
..1.1 92.949 93.006 92.983 92.95 92.966
..1.2 92.956 93.006 92.989 92.94 92.952
..2.1 92.952 92.985 92.980 92.95 92.961
..2.2 92.965 92.967 92.977 92.95 92.963
II 1.1
1.2
2.1
2.2
93.091
93.087
93.088
93.093
93.100
93.103
93.099
93.093
93.103
93.107
93.108
93.111
93.08
93.09
93.09
93.10
93.092
93.093
93.096
93.094
III ..1.1 92.268 93.273 93.272 93.27 93.273
..1.2 93.272 93.276 93.273 93.27 93.271
..2.1 93.260 93.272 93.270 93.26 93.268
..2.2 93.263 93.279 93.276 93.26 93.264
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3.2 Evaluation Methodology
For each sample type, according to the measurement scheme (Figure 1)
an individual measurement» x. , is subject to 3 error terms. It
can thus be described by the following model:
where
x. „ = u + b. + s. . +• t. ..
ijk l ij ijk
i identifies the laboratory
j identifies the subsample
k identifies the measurement on subsample j by laboratory i
p is the "true" value
b is the laboratory bias, including errors in the
calibration of the method
s is the treatment (separation error)
t,,, is the measurement error,ijk
For each sample type the results have been evaluated in two steps (a
detailed description of the analyses of variance (ANOVA) has been
given in the report on the Chemical Assay of (Th, U)0 Coated
1/Particles~ and is not repeated here).
3.3 Results of the individual laboratories
The results of each laboratory were submitted to a one-way analysis
of variance. This statistical analysis yields estimates for
- the measurement errors, SI
the separation errors, SH
These two components are considered in the computation of the
standard error, SE.
An F-test allows to judge of the significance of variability between
the subsample means when compared to the measurement error.
Table 2 summarizes the results of the one-way analyses of variance.
T a b l e 2
Results of the 1-Way ANOVA (Individual laboratoies)
Lab. 1
0..007
neg.
92
0
.955
.004
50
Lab. 2
0.009
0.020
92.991
0.015
92
Lab. 3
0.003
0.005
92.982
0.004
85
Lab. 4
0
92
0
.007
neg.
.948
.004
45
Lab
. 0.
. 5
007
neg.
92.
0.
961
004
29
0
3
0
.003
neg.
.090
.002
31
0.003
0.003
93.099
0.003
76
0.003
0.003
93.107
0.002
79
0.007
0.005
93.090
0.005
71
0.001
0.002
93.094
0.001
84
U-235 Concentration (wt%)
Sample
Type
1 Measurement Error, SI
Separation Error, SH
Laboratory Mean, X
Standard Error, SE
F-test (sign, level of SH)
II* Measurement Error, SI
Separation Error, SH
Laboratory Mean, X
Standard Error, SE
F-test (sign, level of SH)
III** Measurement Error, SI
Separation Error, SH
Laboratory Mean, X
Standard Error, SE
F-test (sign, level of SH)
* Reference Value: 93.097 wt. % U-235
** Reference Value: 93.276 wt. % U-235
These results allow the following conclusions:
The measurement errors estimated are in all cases smaller than
0.01 % rel. and demonstrate a high level of measurement precision.
No significant separation error is detected for the individual
data sets. This allows to conclude that the separation
procedures applied do not introduce additional errors of
0.003
0.006
93.266
0.004
92
0
93
0
.004
neg.
.275
.002
18
0
93
0
.003
neg.
.273
.002
11
0.007
0.005
93.265
0.005
71
0.002
0.004
93.269
0.003
88
analytical significance. In fact some of the estimates of
SH gave negative values; this is possible
the measurement error variance is dominating.
 in the cases where
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3:4 Between laboratory comparison
For each sample type the analytical results of all the laboratories
were submitted to a two-way analysis of variance. This statistical
analysis yields estimates of the standard deviation components for:
- the measurement error, SIQ
- the mean separation error» SB
- the between laboratory error, SA.
The statistical significances of the variabilities between
separations (groups) and between laboratories (classes) are tested by
means of F-tests (FB and FA in Annex 3). The consistencies of the
measurement errors of the individual laboratories and the
fluctuations between separations are tested by means of
Bartlett-tests (CHISQI and CHISQZ in the Annex).
The standard errors, associated with the means given in Table 3 have
been calculated by the following equation
NL • NS "" ( d f
where, NL = No. of laboratories (5)
NS = No. of separations (10)
NM = No. of measurements (20)
Computer print-outs of the Analyses of Variance are given in Annex 3
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T a b l e 3
Results of 2-Wav ANOVA (all laboratories)
Measurement Error, SIQ
Separation Error, SB
Between Laboratory Error, SA wt%
wt%
% eel.
wt%
X rel.
% rel.
I
0.007
0.008
0.009
0.010
0.017
0.018
Sample Type
II
0.004
0.004
0.003
0.003
0.007
0.007
III
0.004
0.004
0.004
0.004
0.003
0.003
Grand Mean wt% 92.967 93.096 93.270
Standard Error, SET wt%
% rel.
0
0
.008
.009
0
0
.003
.004
0
0
.002
.002
Statistical Significance (F-tests. 99 % P)
Variability between separations
Variability between laboratories
Consistency of Errors (x2-tests. 99 % P)
Laboratory measurement errors
Fluctuations between separations
NO
No
No
No
No
No
Consis-
tent
Consis-
tent
Consis-
tent
Consis-
tent
Cons is
tent
Consis
tent
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The results shown in Table 3 allow the following conclusions for all
3 types of samples:
The measurement precisions obtained by the S laboratories are
consistent.
The measurement errors are less than 0.01% relative.
The separation step does not introduce statistically significant
errors; they are estimated to be equal or lower than 0.01 %
relative.
The between laboratory errors are smaller than 0.02 % rel. and
statistically not significant.
In the case of sample TYPE-I, which is an unknown sample, the
fluctuation between the laboratories (0.018 % rel.) can be
considered as the fluctuation of the laboratory biases.
3.5 Comparison to reference values (samples TYPE II and III)
Reference values are available for the samples of TYPE-II and
TYPE-III (synthetic mixtures). Therefore the actual magnitude of the
laboratory biases can be calculated, as summarized in Table 4.
T a b l e
Comparison to Reference Values
Sample
Type
II
III
Ref.
93
93
Value
.097
.276
U-235
Grand
93.
93.
(wt%)
Mean
096
270
Std.
0.
0.
Error
0033
0019
Difference
wt%
0.001
0.006
(Ref
%
.-Mean)
rel.
0.001
0.006
Two t-tests indicate that for both synthetic mixtures the differences
between the reference value and the grand mean are statistically not
significant when compared to the standard error (99 % probability
level).
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t\, Conclusions
The experiment has shown that a high level of measurement performance can
be achieved in the U-235 concentration determinations by mass-spectrometry
for (Th, U)O -BISO-type coated particles. The separation step in the
sample preparation for mass spectrometry does not introduce significant
additional errors.
The measurement, separation and between laboratory errors are all well
below 0.02 % rel. and are satisfying safeguards requirements.
The experiment is not in disagreement with the conclusion that the
differences observed in the U-235 concentration determinations of high
enriched uranium in BISO-particles, when compared to the nominal abundance
of the uranium feed material, are due to depletion by natural uranium in
the thorium feed material. "
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Annex 1
Short Description of the Separation Procedures
Lab. 1: Thorium separated by oxalate precipitation. U/Al-solution used for
mass spectrometry without further separation.
Lab. 2: Thorium separated by oxalate precipitation. Extraction of uranium
with ethyl ether from the filtrate (saturated with
Ca(N03>2. 4H20).
Lab. 3: Uranium separation by anion exchange (8H HNO ).
Lab. 4: Thorium separated by oxalate precipitation. Extraction of uranium
with ethyl acetate (using AKNO > as salting out agent).
Lab. 5: Uranium separation with extraction chromatography, using 100% TBP on
Voltalef powder. Washing with 6M HCl, uranium elution with H O .







